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57 ABSTRACT 
According to this invention, a silicon oxide film grow 
ing apparatus includes a single wafer film-forming pro 
cessing tank, a post processing unit, and a wafer con 
veying robot. The single wafer film-forming processing 
tank selectively grows a silicon oxide film by a liquid 
phase growing method on only a silicon oxide film on a 
surface of a semiconductor wafer. The post processing 
unit washes the surface of the semiconductor wafer. 
The wafer conveying robot conveys the semiconductor 
wafer between the film-forming processing tank and the 
post processing unit. 
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1. 

SLICON OXDE FILM GROWINGAPPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to a silicon oxide film 
growing apparatus and, more particularly, to a liquid 
phase selective silicon oxide film growing apparatus for 
selectively forming an insulating film on a semiconduc 
tor wafer. 

In a conventional silicon oxide film growing appara 
tus, as shown in a sectional view of a main part in FIG. 
2, a tank 1 comprises an immersing unit 19, a straighten 
ing unit 3, and a processing liquid adjustment unit 4. 
The immersing unit 19 is used for causing the process 
ing tank 1 to immerse a semiconductor wafer 5 in a 
processing liquid. The straightening unit 3 is contiguous 
to the immersing unit 19 to straighten the flow of the 
processing liquid flowing into the immersing unit 19. 
The processing liquid adjustment unit 4 is contiguous to 
the immersing unit 19 to adjust the processing liquid 
flowing from the immersing unit 19. 
The conventional apparatus includes a straightening 

plate 6 arranged at the boundary between the immers 
ing unit 19 and the straightening unit 3, a liquid supply 
pipe 20 for supplying the processing liquid in the pro 
cessing liquid adjustment unit 4 to the straightening unit 
3, a liquid supply pump 11 and a processing liquid filter 
12 arranged midway along the water supply pipe 20, 
and a processing liquid adjustment device 21, arranged 
in the processing liquid adjustment unit 4, for adding an 
aqueous boric acid solution to the processing liquid. 

In addition, the processing tank 1 is arranged in a 
constant temperature tank 8 to keep the temperature of 
the processing liquid in the processing tank 1 to be 
constant (e.g., Japanese Utility Model Laid-Open Nos. 
60-168574 and 63-102738). In order to adjust the pro 
cessing liquid, it is proposed to immerse an aluminum 
plate in the processing liquid adjustment unit 4 in place 
of adding the aqueous boric acid solution to the process 
ing liquid (e.g., Japanese Patent Laid-Open No. 
3-21043). 
A silicon oxide film growing apparatus aims at selec 

tively depositing and growing a silicon oxide film on 
only a silicon oxide film on the surface of a semiconduc 
tor wafer in which a photoresist film pattern or a metal 
wiring pattern having a desired shape is formed on the 
silicon oxide film. 

In the conventional silicon oxide film growing appa 
ratus, however, since a method of entirely immersing 
the semiconductor wafer in the processing liquid is 
employed, the processing liquid is brought into contact 
with the rear surface of the semiconductor wafer. 

Metal dust or photoresist dust is adhered to the rear 
surface of the semiconductor wafer. When the dust is 
mixed in the processing liquid, the service life of the 
processing liquid is disadvantageously shortened. 

In addition, since the rear surface of the semiconduc 
tor wafer is not smoothed, a part of a silicon oxide film 
grown on the rear surface is peeled and drifts in the 
processing liquid as particles. 

In the conventional silicon oxide film growing appa 
ratus, although a processing tank and a processing liq 
uid pipe consist of acrylic or vinyl chloride plastics, 
silicon oxides are easily precipitated on the surfaces of 
these materials from the processing liquid. For this 
reason, particles are produced, and the service life of 
the processing liquid is shortened. 
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2 
In the conventional silicon oxide film growing appa 

ratus, although a method of immersing a plurality of 
semiconductor wafers in one processing tank to grow 
silicon oxide films is employed, the entire silicon oxide 
film growing apparatus is occupied by a very small 
number of semiconductor wafers when various types of 
semiconductor wafers are produced in very small 
amounts. For this reason, the silicon oxide film growing 
apparatus has a drawback, i.e., very low productivity. 
This drawback is a very serious problem in the pres 

ent situation wherein liquid-phase growth of a silicon 
oxide film must be performed as long as several hours. 

In addition, in the conventional silicon oxide film 
growing apparatus, selectivity for selectively growing a 
silicon oxide film on only a silicon oxide film on the 
surface of a semiconductor wafer is another problem. 
According to an experiment performed by the pres 

ent inventors, a growth rate of a silicon oxide film on 
the surface of a semiconductor wafer in an immersion 
unit was about 1,000 A/h when the temperature of the 
processing liquid was 35 C. In this case, particles each 
having a diameter of about 1,000 A were adhered to a 
photoresist pattern at 50,000 to 100,000 particles/mm2. 

Thereafter, when the growth of the silicon oxide film 
is further continued, since silicon oxide films are grown 
on these particles, the silicon oxide films which can not 
be removed are finally adhered to the photoresist or a 
metal wiring layer, and a desired pattern can not be 
formed. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
liquid-phase selective silicon oxide film growing appa 
ratus for suppressing production of particles into pro 
cessing liquid. 

It is another object of the present invention to pro 
vide a liquid-phase selective silicon oxide film growing 
apparatus having improved selectivity of a resist or a 
metal wiring layer on the surface of a semiconductor 
wafer. 

It is still another object of the present invention to 
provide a liquid-phase selective silicon oxide film grow 
ing apparatus which does not degrade productivity 
even when various types of semiconductor wafers are 
produced in very small amounts. 

In order to achieve the above objects, according to 
the present invention, there is provided a silicon oxide 
film growing apparatus comprising a single wafer film 
forming processing tank for selectively growing a sili 
con oxide film by a liquid-phase growing method on 
only a silicon oxide film on a surface of a semiconductor 
wafer, a post processing unit for washing the surface of 
the semiconductor wafer, and wafer conveying means 
for conveying the semiconductor wafer between the 
film-forming processing tank and the post processing 
unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view showing the main part of a 
liquid-phase selective silicon oxide film growing appa 
ratus according to an embodiment of the present inven 
tion; and 
FIG. 2 is a sectional view showing the main part of a 

conventional liquid-phase selective silicon oxide film 
growing apparatus. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of the present invention will be de 
scribed below with reference FIG. 1. 
FIG. 1 schematically shows a liquid-phase selective 

silicon oxide film growing apparatus according to the 
embodiment of the present invention. A processing tank 
101 in this apparatus comprises a contact liquid unit 102, 
a straightening unit 103, and a processing liquid adjust 
ment unit 104. 

In the contact liquid unit 102, a semiconductor wafer 
105 is supported such that only a surface thereof facing 
downward is in contact with a processing liquid. 
The straightening unit 103 is contiguous to the 

contact liquid unit 102 through a straightening plate 
106. The straightening unit 103 can straighten the flow 
of the processing liquid. 
An aluminum plate 107 is inserted in the processing 

liquid adjustment unit 104, the processing liquid can 
always be set in a supersaturated silica state. That is, the 
processing liquid is a hydrofluosilicic acid solution in 
which silica is dissolved and supersaturated. 

In addition, the processing tank 101 is arranged in a 
constant temperature tank 108 to keep the processing 
temperature of the processing tank 101 constant. Water 
in the constant temperature oven 108 is heated by a 
heater 109 and agitated by a stirrer 110 to keep the 
water temperature constant. 
The processing liquid is circulated by a pump 111, 

supplied to the processing liquid adjustment unit 104 
through a filter 112, supplied to the contact liquid unit 
102 from the straightening unit 103 through the 
straightening plate 106, and brought into contact with a 
surface 105a of the semiconductor wafer 105. 
The processing liquid brought into contact with the 

semiconductor wafer 105 overflows the contact liquid 
unit 102, passes through a water supply pipe 113, and is 
supplied by the pump 111 again. 

After silicon oxide film growth on the semiconductor 
wafer 105 is performed in the contact liquid unit 102 for 
about 1 hour, the semiconductor wafer 105 is removed 
from the processing liquid. After the wafer 105 is re 
versed, the wafer 105 is conveyed to a spin etching unit 
116 by a wafer conveying robot 115. 

In the spin etching unit 116, hydrofluoride-based 
etching solution is sprayed from an etching solution 
nozzle 117 to the surface 105a of the semiconductor 
wafer 105 to etch the surface 105.a for about 10 seconds. 

Thereafter, while the wafer is rotated at 3,000 rpm, 
distilled water is sprayed from a distilled water nozzle 
118 to the wafer at a pressure of about 10 kg/cm2 to 
wash the wafer for 10 seconds. The rotational speed is 
increased to about 5,000 rpm to dry the semiconductor 
wafer 105. 
The semiconductor wafer 105 is returned from the 

spin etching unit 116 to the wafer reversing unit 114 by 
the wafer conveying robot 115, and a silicon oxide film 
is grown on the wafer in the contact liquid unit 102 
again. 
As described above, when a silicon oxide film is 

grown while silicon oxide film growth and removal of 
particles in the spin etching unit 116 are repeated sev 
eral times, adhesion of the particles to a photoresist or a 
metal wiring layer and growth of a silicon oxide film on 
the photoresist or the metal wiring layer can be almost 
completely suppressed, and a silicon oxide film can be 
grown with good selectivity. 
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4 
This is based on the result of an experiment per 

formed by the present inventors, i.e., the particles can 
be almost completely removed by the above processes 
within about one hour after the particles are adhered to 
the photoresist or the metal wiring layer. 
As a matter of course, when a metal wiring layer is 

used, a wiring material which withstands a hydroflou 
ride-based etching solution must be selected. For exam 
ple, a noble metal such as Au or a refractory metal such 
as W is preferably selected as the wiring material. 

In addition, the present inventors have examined 
materials themselves constituting the apparatus. As a 
result, findings that "a minimum number of particles are 
produced when the inner surface of the apparatus is 
smoothly coated with Teflon' are also be obtained. For 
this reason, although the inner surfaces of the process 
ing tank 101, the water supply pipe 113, and the like are 
coated with Teflon in the above apparatus of the em 
bodiment, the processing tank 101 and the water supply 
pipe 113 can consist of Teflon. 
As described above, according to the present inven 

tion, in a silicon oxide film growing apparatus for selec 
tively growing a silicon oxide film by a liquid-phase 
growing method on only a silicon oxide film on the 
surface of a semiconductor wafer having a photoresist 
pattern or a metal wiring pattern having a desired 
shape, a single wafer film-forming processing tank is 
employed, and the rear surface of the wafer is pre 
vented from being in contact with processing liquid by 
a face-down scheme. In addition, since the processing 
tank and a processing liquid pipe consist of Teflon or 
are coated with Teflon, production of particles is re 
duced, and the service life of the processing liquid can 
be almost doubled. 

Since the silicon oxide film growing apparatus ac 
cording to the present invention has a function capable 
of automatically, alternately performing film-forming 
processing and spin-etching processing, silicon oxides 
adhered to or grown on a photoresist pattern or a metal 
wiring pattern can be almost completely removed. 
According to an experiment performed by the pres 

ent inventors, when a silicon oxide film was formed to 
have a thickness of about 1,000 A, although particles 
were produced on a photoresist at 50,000 to 100,000 
particles/mm2 in a conventional apparatus, particles can 
be produced at several particles/mm2 in the apparatus 
according to the present invention. 
What is claimed is: 
1. A silicon oxide film growing apparatus comprising: 

a contact liquid unit filled with a processing liquid for 
growing a silicon oxide film on a semiconductor wafer 
by a liquid-phase growing method, the processing liquid 
overflowing said contact liquid unit, the semiconductor 
wafer being supported with a first surface thereof facing 
downwardly, at least one of a photoresist film pattern 
and a metal wiring pattern being formed on said first 
surface, said first surface being in contact with the pro 
cessing liquid in said contact liquid unit, a second sur 
face of the semiconductor wafer facing upwardly and 
being exposed so that it is not in contact with the pro 
cessing liquid; 
a straightening unit for straightening and distributing 

a flow of the processing liquid flowing into said 
contact liquid unit; 

a processing liquid unit adjustment unit for setting an 
adjustment of the processing liquid from said 
contact liquid unit into a supersaturated silica state; 
and 
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a pump for circulating the processing liquid in an 
order extending from said processing liquid adjust 
ment unit, through said straightening unit to said 
contact liquid unit. 

2. An apparatus according to claim 1 wherein said 
straightening unit comprising a tank adjacent at least 
the bottom of said contact liquid unit, a straightening 
plate at an interface between the bottom of said contact 
liquid unit and said straightening unit, said straightening 
plate having a distributed number of holes therein so 
that said liquid in said straightening unit flows with a 
distributed pattern into said contact liquid unit, a con 
tainer surrounding at least part of said contact liquid 
unit for receiving said overflowing processing liquid, a 
conduit for conveying said processing liquid from said 
surrounding container to said adjusting unit, and means 
for returning said processing liquid from said adjusting 
unit to said straightening unit. 

3. The apparatus of claim 1 and a constant tempera 
ture tank of fluid containing said contact liquid unit, 
said straightening unit, and said adjustment unit in order 
to maintain the temperature of said units, heater means 
associated with said constant temperature tank, and 
means for agitating fluid in said constant temperature 
tank. 

4. An apparatus for growing a silicon oxide film on a 
semiconductor wafer, said apparatus comprising means 
including a constant temperature tank for maintaining 
the temperature of said silicon oxide film growing appa 
ratus, means in said constant temperature tank for main 
taining a processing liquid surface at a level to bring said 
liquid into contact with the wafer, means for supporting 
a semiconductor wafer relative to said level in order to 
wet only one side of the wafer, said one side including 
at least one of a photoresist film or a metal wiring layer 
having a pattern formed thereon, spin etching means for 
spraying a hydrofluoride-based acid on said wafer, 
means for removing said wafer from said supporting 
means and for conveying it to expose said one side to 
said spin etching means for exposure to said hydrofluo 
ride-based acid spray, and means for repeating the wet 
ting and spray etching steps to increase the thickness of 
a silicon oxide layer grown on said one side of said 
wafer. 

5. The apparatus of claim 4 and a first nozzle for 
directing said hydrofluoride-based acid onto said one 
side during said spin etching, a second nozzle for direct 
ing distilled water onto said one side during said spin 
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6 
etching, and means responsive to a termination of the 
spray of said hydrofluoride-based acid through said first 
nozzle for directing said distilled water through said 
second nozzle and onto said one side of said wafer for a 
period of time. 

6. A silicon oxide film growing apparatus comprising: 
a contact liquid unit filled with a processing liquid for 
growing a silicon oxide film on a semiconductor 
wafer by a liquid-phase growing method, the pro 
cessing liquid overflowing said contact liquid unit, 
the semiconductor wafer being supported at said 
contact liquid unit with a first surface thereof fac 
ing downwardly and being wetted on only one side 
by said processing liquid, at least one of a photore 
sist film pattern and a metal wiring pattern being 
formed on said first surface, a second surface of the 
semiconductor wafer facing upwardly and not in 
contact with the processing liquid; 

a straightening unit for distributing and straightening 
a flow of the processing liquid flowing into said 
contact liquid unit, said straightening unit compris 
ing a tank associated with at least part of said 
contact liquid unit, a straightening plate at an inter 
face between the bottom of said contact liquid unit 
and said straightening unit, said straightening plate 
having a distributed number of holes therein so that 
said liquid in said straightening unit flows with a 
distributed pattern into said contact liquid unit; 

a processing liquid unit adjustment unit coupled to 
receive the processing liquid from said contact 
liquid unit, said adjustment unit setting said pro 
cessing liquid into a supersaturated silica state; and 

a pump for circulating the processing liquid in an 
order extending from said processing liquid adjust 
ment unit, through said straightening unit to said 
contact liquid unit, and a container surrounding at 
least part of said contact liquid unit for receiving 
said overflowing processing liquid, a conduit for 
conveying said processing liquid from said sur 
rounding container to said adjusting unit. 

7. The apparatus of claim 6 and a constant tempera 
ture tank of fluid surrounding said contact liquid unit, 
said straightening unit, and said adjustment unit in order 
to maintain the temperature thereof, heater means asso 
ciated with said constant temperature tank, and means 
for agitating fluid in said constant temperature tank. 
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